Crop productivity is the capacity of an area to produce crops; a manifestation of complex interaction of various factors of production that together determine the existing condition of the farm environment. Without proper idea of the present productivity level, effective measures for further improvement cannot be initiated. Geographers and agricultural economists have long been engrossed in measuring agricultural productivity. Here I discuss a new method of measuring crop productivity, i.e. determining crop productivity level of an area with respect to the maximum achievable productivity limit under existing conditions of the farm environment. The method also measures the productivity deficiency level of various crops which makes the selection of liable crops much more sound and logical, and is helpful to formulate both the overall and crop-specific developmental strategies. Standard classes of crop productivity, yield achievement, yield deficit and crop liability levels have been prepared separately based on their index values.
MAJORITY of the people in the underdeveloped and developing countries live in rural areas and earn their livelihood through agriculture. So any small change in the agricultural sector would affect the economy of these countries. Though it has been found that in many cases, agriculture does not contribute much to the economic growth of a country because of low productivity and low contribution to GDP compared to other sectors of economy, many economists, agricultural geographers and policy makers have long argued for increasing crop productivity in a sustainable manner 1 . Increased crop productivity would not only be beneficial to the farmers, but also would strengthen the economy of the nation.
Crop productivity of any region may be seen as the overall capacity of the present farming system. It is the manifestation of complex inter-play of various factors of the farm environment 1, 2 . Physical factors (such as climate, soil, etc.) and human-induced factors (viz. level of farm mechanization and use of various inputs like skill and knowledge of the farmers, institutional assistance, etc.), as well as market factors like demand and crop selection, together constitute the farm environment of any region [1] [2] [3] . Crop productivity reflects the overall performance of an area in terms of crop production, which is the blending effect of all the factors of the farm environment [4] [5] [6] [7] . It is difficult to determine the influence of any one factor on crop productivity; but some factors play a dominant role over others which remain passive. Crop productivity is also highly variable; some crops have low productivity by inheritance, but still may be largely cultivated by the farmers because of market demand or specific food habit of the inhabitants, or specific and unique prerequisite physical conditions for the crop. Internal factors may also govern the productivity. For example, some crops are more resistant to pests while some are vulnerable. Some crops require specific climate or soil condition (e.g. cotton requires regur soil, high humidity adds flavour to coffee, tea, etc.) that cannot be created artificially.
Traditional farming is not adequate to meet the needs of growing population and it has become necessary to raise the productivity level. Crop productivity has been increased through additional application of inputs and improved technologies and machinery all over the world. However, there exists a certain limit beyond which productivity cannot be increased. It is the complex interplay of these factors that influences productivity differences in various parts. Agriculture is becoming more mechanized and technology-based. This has increased productivity, but has interfered with nature and has been slowly but continuously deteriorating the agro-ecosystem. It was necessary to increase crop productivity in the agricultural societies of under-developed and developing countries to feed the huge population, and not for commercial purposes. Besides achieving food security it brings higher income, employment opportunity and savings, and ensures a better standard of living. It is also beneficial for any region and country through export of surplus products, development of agri-allied sector; it also checks the inflation. Thus, higher agricultural productivity strengthens the existing agro-economic structure and brings overall socio-economic development of the concerned area. Thus it is essential to measure the agricultural productivity of an area, as it gives a clear picture of the overall achievement of the area in terms of crop production. Agricultural geographers and economists have devised various methods to measure agricultural productivity all over the world 1, 3 . It is the objective of the present study to devise a new measure of crop productivity. It estimates the present status of crop productivity of an area in regard to achievable maximum productivity under current condition of the farm environment. The method also provides a useful tool to estimate yield deficiency (i.e. deviation from achieving maximum production) of each crop grown in an area and its degree of liability. This method has been illustrated for Murshidabad district, West Bengal, India.
Crop productivity measurement
Agricultural productivity as mentioned earlier, is a tangle concept. It can be treated as the capacity of the farming system to produce crops at varied levels. It is the manifestation of complex interplay of various components of the farm environment which incorporates both the environmental and human-related factors of crop production 1, [3] [4] [5] [6] . Every crop has a different yield rate and shares different amounts of cropland and therefore makes a definite contribution to overall productivity of any region. These two actually reflect the combined effect of all concerned physical and human factors of production.
In this study, composite crop productivity has been considered as the combined effect of all the factors of production which exist in the region. This method is only aimed at estimating the crop productivity level. Variation in crop productivity does not give any information about the degree of influence of specific factors; rather this would require more detailed study regarding the inputs, technologies, soil, climate, etc. at sub-regional level. In order to measure crop productivity, an index of hectareyield (kg/ha) of various crops grown in the sub-area unit has been pre-meditated by dividing the hectare-yield of various crops by maximum hectare-yield of the respective crops in the entire region. This simple ratio provides the index of yield achievement of each crop in the sub-area units. In this method, the highest hectare-yield of a crop throughout all the sub-area units of the region has been considered as the maximum achievable yield limit of each crop. Thus, the ratio of actual hectare-yield of each crop to its maximum hectare-yield reflects the yield achievement (efficiency) level with respect to the highest hectare-yield of each crop in the region. This may be expressed as
where I Y av.a is the yield achievement index of crop a in a sub-area unit, Y a the hectare-yield of crop a in the subarea unit and Y a.max is the highest hectare yield of crop a in the entire region. As this is a simple ratio, the maximum value of yield achievement index (I Y av ) would be equal to 1, where the actual hectare-yield of a crop in a sub-area unit is equal to the highest hectare-yield of the respective crop in the entire region. On the other hand, theoretically, the yield achievement index may attain the minimum value of 0. Thus this index ranges between 0 and 1 (0  I Y av  1).
Then, weighted yield indices of various crops have been calculated by multiplying the yield achievement index with the ratio of cropland under a particular crop and the total cropland under all the selected crops in a sub-area unit. Cross-section area (a simple ratio of cropland under specific crop to total cropland) was used to give weightage. Then all the weighted yield achievement indices were added to obtain the composite crop productivity index (CCPI) of a sub-area unit. Thus, the weighted yield achievement index indicates the contribution of various crops to CCPI. This is expressed as
where I WY av.a is the weighted yield achievement index of crop a in a sub-area unit, I Y av.a the yield achievement index of crop a in a sub-areal unit, C a is the area under crop a in the sub-area unit and C is the total cropland under all the selected crops in a sub-area unit. ...
Now, different types of crops may be grown in a region. Some crops may be of long duration and some of short duration. Long-duration crops may be grown fewer times, whereas short-duration crops may be grown multiple times in an agricultural year. If the environmental conditions, inputs and farming techniques remain the same, a particular crop grown in a definite area is expected to yield the same production each time. This only contributes to the gross cropped area and gross production in a region, but would not affect the yield or productivity. This is because yield or productivity implies production per unit of land cultivated. Hence it is assumed that the crop duration has no influence over the productivity of a region. Here a simple ratio of gross crop area under a specific crop (irrespective of duration) and total cropland was used to give weightage in the estimation of crop productivity. If a short-duration crop is grown multiple times, then it would affect the productivity according to the changed weightage value. If the crop is cultivated fewer times (short-or long-duration crop), the weights would be in accordance. Thus, the method includes both the long-and short-duration crops at the same time.
Whatever be the frequency of cultivation, the production and area under specific crop are incorporated in the estimation as weightage to the yield. CCPI may attain the maximum value of 1, where the actual hectare-yield of various crops in a sub-area unit is equal to the highest hectare-yield of the respective crops in the entire region. Hence, the yield achievement index attains the maximum value of 1 and CCPI of the sub-area unit thus becomes
Theoretically, CCPI may attain the minimum value of 0, but practically it would always be greater than zero, unless there is total crop failure due to some unprecedented causes like inundation, invasion of sea water, etc. However, hectare-yield of various crops below half of the maximum hectare-yield indicates very low crop productivity and very poor agricultural scenario in a region, although low productivity may be due to regional variation in soil fertility or agro-ecosystem. This technique only estimates the productivity level in a region, but the attributes of low productivity are subject to in-depth study, which may be carried out separately based on the findings of the present study. Hence, taking hectare-yield of each crop of a sub-area unit to be half of the maximum hectare-yield of the respective crop, we get av. av.
(
In this method, CCPI value of 0.5 has been taken as the limit below which agricultural productivity is considered very poor and above which the productivity varies between moderate low to very high up to the value of 1. Productivity index value ranging between 0.5 and 1 has been divided into five distinct categories of equal interval. For a region where all the crops (or majority of them) have almost equal yield rates with respect to the maximum rate of yield of the respective crops in the entire region, the composite productivity would be very high. Thus, a region where all the crops have more than 80% yield rate relative to their respective maximum yield rate should be considered as high or very high crop productivity region ranging between 0.8 and 1. Therefore, index values between 0.8 and 0.9 as well as 0.9 and 1, are considered as high and very high crop productivity classes (or regions) respectively. Composite index values between 0.5 and 0.8 have been considered to indicate medium level of performance in terms of productivity in the region and yield rate of crops in such regions would be 50-80% of maximum yield rate of the respective crops in the entire region. This range has been grouped into three productivity classes, viz. moderate low (0.50-0.60) -marginally better productivity than poor category; moderate (0.60-0.70) -absolute medium productivity level where yield of all crops (or majority) is 60-70% of maximum yield; and moderate high category (0.70-0.80). The range of classes has been assigned (Table 1) based on a simple hypothetical assumption that all the crops in a region have equal of yield rates in their own category; but this may not be time in reality. However, it would not affect the productivity ranges, because in this method, combined yield rates of all the crops have been considered while evaluating productivity indices, where low yield of some crops may be compensated by those with high yield rates. Therefore, it would give almost accurate information of the overall productivity level of any region. In this method, the contribution of various crops to the overall productivity of a sub-area unit does not solely depend on their share of cropland; rather it is the combined effect of yield achievement index and ratio of area under various crops (i.e. product of these two). Thus it leads to better identification of major crops on the basis of weighted yield achievement indices, e.g. in a sub-area unit X, the hectare-yield of crops a and b is 1000 and 1760 kg/ha respectively; whereas the highest hectareyield of crops a and b in the entire region (R) is 2000 and 2200 kg/ha respectively. Crop a is cultivated in 50 ha and crop b has a cropland of 40 ha, and the total cropland under all the selected crops in unit X is 150 ha. Now, applying the above method we get: Thus it is clear from the above that crop b contributes more to the overall productivity of X, though it shares less cropland than that of crop a. This is because crop b has higher yield achievement level compared to crop a. Thus, on the basis of simple yield achievement index, it appears to be much easier to determine the yield level and contribution of individual crops to total productivity. In this study, standard classes of these two indices have been assigned for this purpose.
Yield achievement categories (Table 2) were assigned based on index values, i.e. ratio of yield of a crop to its highest yield rate in the entire region. Thus, a crop with less than 50% yield rate of its highest yield has been considered as one with very poor yield. The yield index value ranging between 0.50 and 1, has been grouped into five categories with equal intervals, where yield achievement level increases with ascending index value, i.e. towards achieving maximum yield with respect to the highest yield of the respective crop. Weighted crop yield index represents the contribution of each crop to the composite productivity of a region. Various classes (i.e. level of contribution, Table 3 ) have been assigned by taking 0.5 as a limit, above which the level of contribution of a crop to the productivity of a region is considered as very high, i.e. a crop contributes more than half of the composite productivity of the region. Index values ranging between 0.25 and 0.50 indicate high contribution of the crop under consideration. In both cases, these are dominant crops with a large share of cropland or with remarkable high yield rate or both. Below the index value of 0.25 up to 0, there are five different categories with regard to level of contribution. The level of contribution gradually declines with decreasing index value. Crop with index value below 0.1 shows low and very low level of contribution to the overall productivity of a region. Such crops are either cultivated in less area or have very low yield rates. Weighted yield index value ranging between 0.25 and 0.10 has been grouped into three categories of moderate level of contribution, viz. moderate high, moderate and moderate low.
Identification of liable crops
The above crop productivity measure also offers provision to estimate deficiency in output per hectare of cropland of various crops, which is complementary to their yield achievement level. It is expressed as
where Y a is the hectare-yield of crop a in the sub-area unit, Y a.max the highest hectare-yield of crop a in the entire 
where I YDa is the yield deficit index of crop a, C a the area under crop a in the sub-area unit and C is the total cropland under selected crops in the sub-area unit. This can be explained with the previous example; just adding a new crop c which has an yield rate of 900 kg/ha and shares an area of 30 ha. The maximum hectare-yield of crop c in the region R is 1500 kg/ha. Now, applying the above equation, we get Thus, it is clear from the above result that, crop a (0.167) is the most liable with maximum yield deficit. Crop c follows with index value of 0.08, though it shares less area than crop b (lowest liability), but has higher yield deficiency than the latter. Thus it seems to be much easier to Further, it makes selection of target crops easier and meaningful, as it considers both the yield deficit and share of cropland. In the present article, liability level of various crops has been grouped into six distinctive standardized classes based on the index value of weighted yield deficiency. Table 4 shows the standard groups of crop liability levels.
A case study -Murshidabad district, West Bengal, India
In the present study, the crop productivity of Murshidabad district, West Bengal, India has been measured using the method discussed above. Murshidabad has been selected arbitrarily, only to illustrate the uses and applicability of the method.
There are 26 blocks in the district and it stretches between 245020-234330N and 884600-874917E. Murshidabad district is regarded as a 'crop museum' and one of the food granaries of West Bengal, because almost every type of crop is grown here more or less abundantly. The district has an agrarian economy, as more than 85% of the population directly or indirectly depends upon agriculture and agri-allied sector. The district has a net cropped area of 365,000 ha (64% of the total geographical area) and a gross cropped area of 892,451 ha; thus cropping intensity is 244.5%. The district has a diversified cropping pattern. For the present study, eight major crops have been selected, with two crops each from four major crop groups -(i) cereals -rice and wheat; (ii) pulses -gram and masur; (iii) oilseed -mustard and till and (iv) cash crops -jute and potato. The present study is based on secondary data, collected from various State Government offices for the year 2011-12 (ref. 8) . The yield achievement indices and contribution of various crops have been found and their spatial distribution (block level) has been discussed with suitable maps and charts. Then the composite crop productivity index of the district has been estimated, followed by a detailed discussion. Finally, the yield deficit indices have been measured to identify the liable crops at the block-level.
The method has been elaborated for the Berhampore block ( Table 5) . The contribution of rice to total productivity is 0.36023 for the Berhampore block. Similarly, the contribution of various crops has been measured (Table 6 ), followed by a detailed discussion. Table 6 .
Spatial distribution of crop-wise yield achievement, contribution to CCPI and deficit level
Crop-specific block-wise yield achievement index, yield deficit index and weighted yield achievement index have been calculated using the CCPI formula (Table 6 ), followed by discussion (Figures 1-5 ; figures for crops like gram, til and potato have not been given, because they do not show much regional variation).
Regional variation of crop productivity
CCPI was estimated for each of the sub-area units (here blocks, Table 7 . Figure 6 shows the spatial distribution of CCPI in various blocks of Murshidabad district. Very high crop productivity is observed only in Murshidabad-Jiaganj block in the central-east portion of the district. Most of the areas of the district (15 blocks, 57.67% of total blocks) show high crop productivity. They occur in a narrow belt of seven blocks running along the eastern edge of the district extending from Lalgola to Jalangi. Another belt of high crop productivity is found in the middle and southern parts, comprising four blocks, namely Berhampore, Beldanga I and II and Nowda. Other areas of high productivity are found to be scattered in the western and northern parts of the district. The areas of moderate high crop productivity seem to occur in clusters; one is confined to the western and southwestern part, the second lies in the northwest and the third patch is found in the southeastern part of the district. Thus, the regional distribution of crop productivity shows distinctive contrasting areas. Productivity is highest in the central part and higher in the eastern part of the study area, which more or less coincides with the new alluvium zone of Bagri region. In general, productivity is observed slightly low in the west and towards north and southeastern parts, and it seems to coincide with the older alluvium zones of Rarh.
Identification of liable crops
Crop liability index for various crops for each sub-area unit (here blocks) was calculated. It is the weighted crop yield deficit index that depends upon the yield deficit level and share of cropland under various crops. The degree of liability of various crops has been fixed based on this index following the standard crop liability groups given in Table 5 . For the blocks, some crops have been identified as liable crops (Table 6 ).
In most of the blocks in the eastern part of the district, the liability level of most crops was found to be 'low', e.g. Berhampore, Murshidabad-Jiaganj, Jalangi, Lalgola, Raninagar-I and II, Bhagoangola-II, etc. Some blocks have few crops (like mustard, rice, jute and wheat) with moderate low to moderate high liability level, viz. mustard (moderate, 0.09073) in Beldanga-I, jute (moderate, 0.07737) and rice (moderate, 0.05042) in Beldanga-II, rice (moderately high, 0.13745) in Nabagram, etc. In the blocks in the western part of Murshidabad district, liability level of various crops (rice, wheat, potato, til, mustard, etc.) was found to range between low and severe. In many blocks, rice was the most frequent liable crop with high to severe liability level. Severe liability of rice was observed in Kandi and Khargram with liability index of 0.22427 and 0.21687 respectively. High liability level of rice was found in the blocks of Bharatpur I and II, Farakka, Suti-I and Sagardighi.
Thus it is evident that productivity blocks in the western part lag far behind those in the eastern part of the district. Moreover, based on these results, it would be more fruitful to initiate region-wise crop selection rather than implementing any single blind policy for the whole region and for all crops.
Conclusion
In this article, a technique has been presented which estimates crop productivity. It measures productivity of an area which provide its achievement towards attaining maximum productivity at a particular point of time. It is the estimation of the simplified relationship between the actual hectare-yield, maximum hectare-yield and area under a particular crop and the total cropland of any region under all the selected crops. The above technique also estimates yield achievement level and contribution of various crops to total productivity. The yield achievement index gives a clear picture of the present hectareyield level with regard to achieving maximum yield output. The index values have been grouped into different standard categories ranging between '0' and '1', and each group corresponds to various degrees of crop yield achievement. Thus it provides better understanding of the present yield situation of the study area. Hence, a region with high crop productivity index indicates high efficiency of all the factors of production put together than in Table 7 . Composite crop productivity index and productivity levels of blocks in Murshidabad district, 2011-12 a region with low crop productivity. However, the result does not identify the influences of individual factors upon crop productivity of any region. The weighted crop yield index estimates the contribution of various crops to overall productivity. Besides, it helps identify the major crops of any region. A scale of crop productivity has also been prepared with six standard groups based on composite index values and each group represents a different degree of productivity. This also makes comparison between several area units and change detection in an area between two periods much easier. The technique can also be employed to analyse the trend in crop productivity of an area for a given period of time using linear regression for year-wise data of that period. The above method also provides a useful tool to calculate yield deficit index and liability level of various crops, which is actually the weighted yield deficit index. Yield deficit index is complementary to yield achievement index. Standardized groups of crop deficit and liability level have also been provided. This is useful to identify the liable crops of an area more accurately, as it considers both the yield deficit level and share of cropland under individual crops.
Variation in crop productivity as estimated in this method, however, does not give any information regarding the influences of individual factors for such variation. Rather it would require more detailed study about regionbased crop inputs and level of technology. Also, the method is applicable to those regions where only crops are grown and animal husbandry is not considered as an integral part of the farming system. Data regarding various inputs, outputs and prices are not always available.
